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~ E. E. Reynolds,J. W. Freeman,and

.

0

A. II.White .

Two turbosuper-ger discs of lg-gDLalloywere includedin a
generaltivestigation to determinethe propertiesof thismaterialin
forgingsof the sizeactuallyused in servioe. The two ait3c6 were given
ho=old+mrking treatments at 1300°to 1350°1’. They aiffema only in
that one was solutimtreatea while the otherwas left in the as-forged
conditim priorto hot+oold=wdcing. The contourfor@gs were made by
the Steelliuprovementd Forge Ccmpany. 0ne4mlf of eaohdiscwas
tested.by the GeneralElectricCompany. 5 other hslwm were sent to
the UMversity of Mkhigen fm investigationfar the WCA. .

The sma12size of the am~ Mmited ths nuniber of specimensand the

extentof testing. The data obtainedby the GeneralElectricCompsmy
were therefme includedin thisreportto givea mme completesurvey
of the propertiesof the aiscs.

It was fand thatthe rupturestren&hs at 1200°F were good.
Therewas no appreciabledifferencein propertiesbetweenthe two
fcmgings;the benefitsof hotiold+ark cmrupturestrengthsat 1200°F
were not retainedat 1350° F; rupture test ductility was very low; the
aisct3 had fdr uniformity d’ properties;and the poperties compared
favmably with thoseof bar stook. The propertiesof the solutim
treatedam were aboutaveragefor thattype of treatment. 5 rupture
strengthsof the a-forged ait3c at 1200°1?were smewhat higherthen
averagefor 10 and 100 hours. .

mcumcm

KUoy lg+DL is one of the lower-alloyedmaterialsdeveloped&Mng
the war for hlg&temperatureservice. The p&opertiesof this alloyin
variousformshave been studiedextensively.TMs reportis c0nc8rn8a
with the propertiesof two apprmdmatelyktic&diemeter turbosupmcherger
aiscs Of thif3 d20Y.

The two ait3cs rliffqed in treatmentin that onewas solution-treated
and the otherwas not. E&h discswere hotioltl+orkedh cent- dies
at 1300°to 13500F. Bothwere made from the sameheatwed for a large
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2 NAc.Am No. 1535

gas-turbinerotorforgingand bar stockcconcurrentlyinvestigatedtier
NACA ~Q=Ship . The pr~ipal ob$ectof the investigationwas to .
determinethe levelof ~operties developedin thesefargingsand to
show the comparisonof thesepropm%ies with thoHeof the sameheat of
the alloyin otherforms.

k of each aP the discswas dmltted for studyat the
Universityof Michiganfor the MC& The‘otherhalveswere testedby
the GeneralElectricCompanyd theirdatasme includedin thisrepart
to givea more ccmpletepropertysurvey. ~ough the courtesyof the
%mral EleotiicCompanyI&.W. L. Mdger of theirThomsonIaboratary
fbmba comparativerupturestrengthsfor 15 other turbosuperchsrger
discs. The wcmk at the Uhivmsity was limitedto rupturetestsat 1200°
emd 1350°F and two creeptestsat 1200°F on eachdtsc. The investiga-
tionwas conductedat the Universityof Mkhigan underthe sponsmship
and with the financialassistmce”of the l!TatlonalAdvisoryCommitteefor
Aeronautics.It constitutesone phaseof a researchprogram,sponsored
at the Uhtversityby the N/WA, on the metallurgyof heafiresistingalloys
used in gas turbinesfcm aircraftpmpulsibn systems.

‘m3ThmmRIAL

Ths availableMbrmation concerningthe two turbosupmohar~
diSC?3,ZD1952and ZD1957, of l~DL alloy is swmxrizea as f ol.lows:

Steelprcducer:

Disc

The Uhiversal+clops

msmfacturm:

The Steel-Eupromment

chemicalCompositml:

SteqlCorporation,

sad Farge Ccmpsmy,

Rridgevil.le,Pennsylvania

Cleveland,Ohio

●

.

.

Both discswere mrcducedfrcunheat I@@. 5 chemicalccmmosi-
tionwas reporteito be the folluwlngp&centages:

—

c kh~gggg ~!z%

0.33 1.14 0.65 0.016 0.015 19.1o 9.05 1.35 1.14 0.35 0.16 0

Fabrication~oced.ure: “
,

The followinginformation,ccmcernd with fabricationof the two
discs,was suppliedby the Uhiversal+clops SteelCorporationand
the GeneralElectricCompany. E&h discswere fabricatedthe same *

—— ——-- —-—-.—- .. —..-
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Waywith the.=ceptionof the solutiontreatmentgivendisc Zll1957
listed in item (3) beluw:

(1)IkUletswere obtainedfrom a 10,OGpound ar-f%rnace heat

(2)Approximately12-inch+iameterturbosupmchargerdiscswere
fargedfixm the billets

(3) Heat treatauen’t:
Disc ZD1952:
Disc ZD1957:

(4) Both discswere
contum dies

(5) Bothdiscswere
and.*oolea

mm
Heatedat ~00° F for 1 hour and wooled

ho~old-wmked at 1300°to 1350°F in closed

stres-rellefamealed at 1290°F for 4 hours

The shapeof ths contourforgingsis shownin figures1, 2,
and.3.

EXE!ERIMENTALPROCEDURE

The half sections-of the two turbosupmchargerdiscssuppliedto
the University.of Michiganwere intendedto be wed for ruptureend.
creeptestsat 1200°and 1350° 1?to t- periods of 2000 Mum. The
followingtesthg programwas used!

(1)

(2)

(3)

Rupturetestsat 1200°aud 13500F

Oreeptestsat 1200°F understressesof 15,000and 20,000psi

Metallographic,tensile,and hardnesstestswhen possibleto
determinestabilitycharacteristicsof the material

necessarytest specimenswere machinedfram couponscut flmm
the forgingsacc&ding to-figure1. kol.udedin this fi-~e is the
sectioningdiagramfor the halvesof the disostestedby the General
ElectricCompany; Locationsof the GeneralElectifcCompauytensile
spechmns are shownin figures2 ~ 3. .Creeptestswere conductedon
0.400-inc&diameterspechmns with a >tnch gagelength. The spec-ne
for rupturetestswere O.160-hoh diametemwith a l-inchgage length.

..
ImuLTs

The small.size of the discslimitedthe mmiberof Specimebsamd the
extentof testing. For thisreasonGeneralElectricCcunpanytensile,
hardness,end ruphre data fm the two discshave been includedh this

- —- —-- . . .----— — — —---—.-. . ——-. . ..—.— ..._ —-_ . . .



4 NACATN NO. 1535

reportto supplementthe ruptureand creepdata obtainedat the
University. The dataare presentedas a seriesof tableqand figures
whioh showthe rupture,t=ef ormation,creep,stabili~, hardness,
and tansilecharacteristics.

RuptureTest Characteristics

5 rupture test data at 1200°emd 1350° F are givenin tableI.
The usualdoubl-logarithmiccurvesof stmessagainstrupturethe are
shownin figure4. Rupturestrengthsand estimatedductilitiesto
fractureare includedin tableI.

Therewas no appreciabledifferencein rupturestrength%etweenthe
two fcqings at eithertemperature.At 1200°F strengthsfor rupture
in 100 @ 1000h~s were 52,000and 37,000psi,respectively.Corre-
spondingstiengthsat 1350°F were 24,000and 13,000psi. The ductility
to fracturewas very low far both discs,rsngingfrcxu1 to 3 percent
elongatlm at both 1200°@ 1350°F.

Tim+DefacmationCharacteristics

Thistype of informationis limitedto resultsfrom two creeptests
and severallow+lefarmationrupturetestsat 1200°F. The availaMe
t~efamation data are givenin tableII and plottedto coordinates
of stressagainstthe logsrlthmaP t- in figure5. Thesedatawere
obtti flmm the curvesof timeagainstelongationfrom the creeptests
and rupturetests. From the llmiteddata it was estimateathatthe two
discshad the sametime-cleformationstrengths. Thesesre givenIn
tableIII. Figure5 and tableIII includeccqsrativedata for the large
f~gea turbine discmade l%an the sameheat,R104~. (Seerefe
ence1.Y The ho~old+cmked turbosuperchargerdiscshad substantially
higherdefarmationresistanceat totaldeformationsabove0.1 percent
than the largef=~a disc.

CreepStrengths

Creepratesfar the creepand rupturetestsat 1200°F are giveri
in tableII. The creepratesfrom the creeptestsare thoseat 1000 hours.
It appeareafrcm the creeptest of 200Uhour durationat 20,000psi on
disc 2D1952thatthe 100Ghour creeprateswere yobably higherthan the
minimumrateswhichwouldhavebeen obtainedif the testshad been con-
timleafm? longertimeperioas.

Creepratessre plotteaagadnststresson da@l*logerithmic coor-
dinatesin figure6. Becauseof the very ltmitedamountof creeptest
data obtainedfor the turbosuparchsrgerdiscs,the curveof stress “
againstcreeprate far the largefcrgeaturbinedisc of lg+DL is drawn
on this figuresd the pointsfor the turbosuperchsrgeritiscscqed

,

m
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wfth this curve. The creepstrengthsof the turbosuperchsrgerdiscs
were estimatedto be approximatelyequaland were the sameas thodefm
the largedisc. Thesestrengthswere 25,000 psi to producea creeprate
of 0;0001percentper hour and 11,000psi for a rate of 0.00001percent
per hour.

StabilityCharacteristtc8
.
After creeptestingat 1200°F, the rom#%mperature tensileprop-

ertiesof a specimm from disc Z01952were substantiallythe sameas
thoseof the original.material. (Seetable IV.) Themewas a decrease
in hardnessduringrupturetestingof both discs,thisdecreasebeing
quiteappreciableat 13500F.

The microstructure of the mighal materialand.of ‘specimensafter
completiauof rupturetestsare shcmnin figures7, 8, and 9. The
originsl microstructure indicated that therewas more ftne Precipitate
phasep?esent k disc ZD1957, which was solutimetreateapriorto hot-
cold+mmk, than in diSC ZZl1952. A constclerablevariationin gradnsize
withineachdisc is Mcatetl by the differencein grainsizesof the
1200°F rupturespecimensand the samplesused for the original
structures.

Rupturetestingat 1200°F did not changethe structurenoticeably.
Therewas consitlarableprecipitationand agglomerationof excessccmsti+
uentsd.ur~ testingat 1350°F which,with the accmpmying hardness
decrease,indicatestructuralinstabilityin the material.

Data fbom the GeneralElectricCompanyliiboratary

H@? sectionsof each of the two turbosupehhsrgerdiscswere
exmined by the GeneralElectric&mpamy fcm tensile~operties at room
temperature,1200°,and 1500°F, hardnessat rom temperature,and
rupturecharacteristicsat 1200°F. Tensileand hardnessdata are given
in figures2 and 3. The rupturetest data are plottedin figure4 with
the Universityof Michigsnresults. (Seereference2.).

The Rrinellhsrdness tended to be highernear the rim thannear the
centerof each&isc. No apparentdifferencein hardnessexisteabetween
the tiscs. The aiscshad similartensileproperties.Therewas a slight
tendencyfor the materialfromnear the centeato be weakerthanmaterial
from nesr the rim. The ductilitytendedto be less at 1200°F than at
room tamp&ature &? at 15000F. -

DI&USSION OF REsums

Therewere no appreciabledifferencesobservedin any of the prow
ertiesof the two turbosuperchsrger&iscsof lg+DL alloy. The solution

\
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6 . NACATNI’?O.1535 .

treatmentpriorto hot+old+mrk on the me dim is
to have had no appreciableeffecton the properties
be recognized,huwev=, that the forgingConaitiom

thereforeconsidered *
studied. It should ,
couldhave been

equivalentto en effectivesoluti~ treatmentif the finishlngtempera-
ture had been high. The solutiontreatmentcm diso ZD1957would have
had Mttle effectunder this oonditionand wouldnot have appreciably.
changedits simucturefimn that of disc ZD1952which ~obably was effec-
tivelysoluticm-treatedduringfcqing.

,
An unumal oppcmtunityto determinehow well the two discscovered

by this investigationrepresentthe propertiesof averageproductionof
such discsis providedby the data in tableV. The.GeneralElectric
Companyfurnishedthe rupturestrengthsat 1200°1?used in this table
fm 15 otherdiscs. The solutioktreatedand ho%cold+mked disc ZD1957
had propertiesquitecloseto the averagefor discstreatedin that
manner. Somewhathigherpropertiesthan averagewere tibtted by the
forgedand hot+cold+mrkeddiSC ZD1952.

5 data in tableV indicate.that solutimAreating priorto hot-
cold+mrk doeshave the advedage d improv&ogrupturestrengtha% 10
and 100 hoursat 12000F. The forgedand ~a dif3cswere f30mwhd
strongerat 1000 hours. Eoth types of treatment,however,resultin a
s~ead in propertiesbetweendifferentdiscs. The data for disc ZD2273
also XU.ustratethe possiMMty of an occasionaldisc of very low
strengthwhen a solutiontreatmentis omLtted.

Heat ?@@ of lg-gDLhas been testedalso as a largeforgadgas-
turbfnedi8C end as bar stock. A comparisonof tensileand rupture
mmperties far thesefarms is givenin tableVI. Tncludedin this
tableare datafor two 20-incMiameter contom+forgeddiscs of
19+DL alloymade from anotherheat.

5 two turbosuperchdrgerdiscshad rupturestrengthend ductility
at 1200°F similarto thoseof bar stockKQ+DL, whichhad been hot+
cold+mrked 20 percentat 1200°F. However,tensiletest strength
propertieswere lowerthan those of hot-cold-wakedbar stock. The
turlmsuperchergerdiscswere superiarin tensileand 1200°F rupture
strengthto ths Mge -forged turbfnedisc of the same heat. However,
they had mch lowerruptureteatductilitythan the largedisc.

The turbosuperchergerai8Cf3had properties quitesimilarto the
large contourdisch~old+mrked at 1250°F’. The contourdisc ho+
cold+wrked at 1650° F had lowerstiengthand higherductility.

The superiorityof hof+cold+warkeduver as-forged19+DL discs in
rupturestrengthat 1200°F diminishedwith time. The hot-oold+mked

t in auctflmy with time and inmaterialdld not exhibitany ingmovemen
this respect was stillquiteinferiorto the fcfrged m soluti-treated
materialat long time periods. Rupturetestsat 1350°F indicatedthat
the
was

hpmmment-in str6n@h pmpez%ies at 1200°F tie to hot-cold+mrk
not retainedat highertemperaturesend that the luw ruptureauctimy

-. ..-..—— —= ------ —.—- -—— —-— ...—--
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I?ACA~NO. 1535 7

was stillpresent. The 100- and 1000-hom rupturestrengthsat 1350°F
for the largeas-fargeddiscwere -23,000and 13,500psi,winchwere
similarto the strengthsfm the smallerhot+old+mrked turbosuperch&ger
discs. Correspondingruptureductilitieswere 35 d 23 percentas cm
paredwith ap~azimately2 percentfcw the smallerdigcs. The simzctural
hstability of the smalldiscsat 13500l?,whichwas similarto that of
the largergas-turbinedisc,probablyaccountsfor this equalizationof
stiengthsat 13500F.

The erraticresultsin the rupturetestsat 1200°F shownby both
the Michiganand GeneralElectricdata (seefig. 4) are ~obab~ partially
due to variationin samplelocationand partiallyto an inherenterratic
characteristicassociatedwith the low deformatims .inthe mterials.
The locationof the samplescut from suchdiscsdoes have considerable
influenceOQ the resultingrupturestrength. Mmwise the erratictest
data from specimensfrom aiscsmay providescmswhatmisleadingresults
if sufficienttestsare not run to obtaina good averagecurveof stress
againstrupturet-. The differencein reportedrupturestrengthsfor
dtscs Z01952and ZD1957betweenthat indicatedby the combineddata from
two laboratoriesin figure4 and the valuesbased an a limitedmmber of
testsficunone laboratoryin tableV illustratesthe need for complete
test data. Bothfactcmsmay have contributedto the wide spreadin
rupturestrengthsindicatedby tableV as weU as actualstiengthdif-
ferencesbetweendiscs.

I&cm the resultsfor thesetwo turbosuperchargerdiscs,it is
bellevedthat hot+cold=mrkingsuch discsdevelopsruptureand time
deformationstrengthsat 1200°F near the top limitof the range in
thesepropertiesobtainedfor 19+DL alloyas bar stock.

F&cm a studyof the
of tWO turbosupercharger

CONCLUSIONS

~operties at room temperature,1200°,and 13500 F
discs of 19+DL alloy the fo~owing conchdms

were made:

1. No particular improvementin propertiesoveran -forged disc
was obtainedf’mn a soluticmtreatmentwhen’subsequenthot+old=wmk was
used.

2. The rupture propertiesat 1200°F of the,disc solutiontreated
beforehot-cold+wnkbg were Wobably quitetypicalof the treatment.
The disc hot-cold-winkedin the as-fmged conditionhad somewhathigher
rupturestrengthat 10 and 100 hoursthan the averagefcm that type of
tieatment.

3. The lack of improvementtn propertiesfrom a solutiontmeatment
was probablyrelatedto the fc@ng conditions.It suggeststhat the
finishingconditionsduringforgingwere suchas to solutim&reat effec-
tivelyboth discsand the subsequentsolutiontreatmentof one of the

..-. .. . ...— —.-— . . . .. . — -.———- —.— --—— -— ...— -. - ----— .— -- .-— -.. — ..-.
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&Lscs aid not have an
cuuldresultin quite

ap~eciable addedeffect. Otherforgingconditions
differentcomparativeresults.

4. %t+old+mking the tmbosuperchargerdiscsdevelopedstrength
propertiesat 1200°.F at t- high end of the range of propertiespossible
for this tiOy. At 1350°1?no beneficialeffectwas obtainedfram ho+
cold+mrk. Rupturetest ductilityof the hoticold+cmkedmaterialwas
very low at both 1200°and 1350°F.

5. The two discsshuwedfairunifmmity of properties.Erratic
rupturetest timesat 1200°F were probablydue in part to sample10CS=
tion and h part to an Mmrent erraticchsracteris$ioof hot-cold-
workedmaterialwith low rupturedeformtion.

6. 5e propertiesof bar stockof 19+DL were regmduced quitewell
in the turbosuperchargerdiScs.

Universityof Mhmigan
Ann Arbm, Mich., w 26, 1947
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OFTm30mPmcmRmR DISCSm l~DL ALLOY

[AllSPSOW wereradialnearther-i

TeBt
Stress

Rupture mqti~ Reauotlon
Diao tempmature

(pei) :~
inl in.

(%)
of Srea

(peroellt) (peroent)

ZD1952 1200 60,000 26 . 5 3.7
~Fygal 141

$% 2ag
1.5 3.7
1 1.2

wcrkai) 40,000 282 1 1.2
37,5~ 957 2 3.2

ZD1957 1.2oo 55,000 * 1.5 3.1
(F’gF’& 50,000

40,000 504
3.5 5.1
1 2.3

treated;.
. .

35,000 1475 2 2.4
hot-oold-
wcrkti)

ZD1952 1350 30,000 * 2.5 2.5
22,500 152
20,000 235 ; 2::
15,000 601 0 0

Zm957 1350 30,0cKl 4$5 3 1.2
25,000

“:
3*7

20,000 172
17,000 w

3.1
2 2.3

Rupture atremgth

Teat
Msc

Stress (psi) fcm rupture In -

‘-Fr- 10 br 100hr 1000br

Z01$)52 1.200 ‘58,000 52,000 37,000
ZD1957 . ‘56,000 52,000 37,000
ZD1$)52 1350 ------ 24,000 qow
Z01957 1350 ------ 24,000 13,000

Rupture duotU.ity

Test Eetinated elongatim (percent)

Disc tenperatul’e
to rupture In -

@’) 10 br 100br 10CCIhr

201$)52 5 2
Zn;g 1.2oo 3 $

1350 2 ;
~1957 1350 3 1

. ——
‘EStimatea. =Y9=

.

.

.
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memition to tJxlra-

Elltlal Mm .(M) for total aeformtlone of - stage oreep

-86 aeformthn
a

‘“” (psi)
(peroeat)

~
Tim Defucnntlan (S3117z3

0.1 p?ment 0.2 pmment 0.3 peroent 1 pelwent (W) (peroent)

m1992 13,000 0.q25 38” ---- --- --- ---- ‘“- ~o.oCmo&l

20,000 .1OW --- 1170 -.. --- b.cKKlo53
--- ---- “T. ‘2; L; ~.ccQ3

{;5?% :::
75

--- 8 -------- --- ~.oolo
45,(X)O . ..- -.. 1 -------- --- %Klq
50,000 ------ --- --- --- -------- --- --------
60,000 ------ --- ,---- ---. --- ---- --- --------

~19!37v,~ .O’pa 32P “ ---- --- --- ---- --- --------
20,000 .lq)o --- ll%o --- --- b.oocd+~
5,cca
z

0,17 --- ---- lgo 810 -----“lkoo ‘:”15 a.ooqi

0,000 0.20 --- ---- 20 430 --”- --- Lt.o@36

. 50,0m 0.27 --- ---- --- 35 lW “ 1.3 aJJ@&)

55,0~ ------ --- ---- -.. --- ---- --- .--.----

%hst of the ruptm’e teeim shoved no apparent evidenoe d tMr&etage oreep
prior to fraoture.

b~ep ~ti at 1000 br for orm tefiE.

‘Initial aefcazatlcma fw rupture teats estimated frcm e+mm~ mrves
frcuu taueile teats at 1.2W0 l?.

a~ map rata f m ruptme teeta..

5

I

I

1

.
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DIS06MiDA~ DISO W l$I+DL hOY

I

I

0

Iype forghlg

!h.%osuperoharger
diB(N3 !?.1)1~

alla. !zIngjy

(Approximately 1.2 in.

in diameter.)

Turbine IMJ3cl .
(oheese forging)

(@P=*tiq 20 j&
in aiemeter ● )

Total

&efcnzmtlon
. (pecrcent)

Stress (psi) to oaum total
ad~ti~ in -

10 h?? I 100hr I 1000hr

0.1

:;
1.0

li%asltlon

.1

:;
1.0

E?anaitiau

17,000

H$%
48,000
----.-

16,0m
24,000
2$!,000
32,5(M
------

15,000 13,000
23,500 20,000
36, 5ca 32,000
41,CK)0 35,0~
%,500 36,500

I

14,000 12,000
21,000 17,000
26,000 23,500
Eg,000 26,000
39, o~ 33,0~

%lee referenoe 1. .

0

1.
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mmoTa6’ oREKPAm RmTcmmwmEQ orilmmY210AL PRom?mE20r

~DISOSW19+DLJWUIY

Mar testing OcaLtima
Residual roca+mmperature properties

Diao

7
ture Skeaa mm

lblail.a O.ozqaroellt+afraet Elwl@tiCm RamlOtim ~iokme
teat %) (ml) (b)

T‘(pei
YwE&gth

(Pmellt)
(%=) ~e”

mlgy (a) (a) (a) (a) %3,600 %4,900 b- b33 340

creep l$?cm 20,000 2600 135,000 7L500 1.6” 33 ---

Rupture l!mo 37,500 957 -A-.---- ------ -- -- 320

~ WY 15,m’ 601 ------- -... .- -- -- 2M

Zolgm (a) “ (a) (a) (a) j132,1LUl b83,200 b=
b33 323

~ =~ 35,000 U-75 ------- ------ -. .- 306
.

Ruptore 1330 17,000 348 --.--.- ------ -. -. 280

.
%H@llal Ocnniition.

%ewal Elaoixio C~ data. Amraga fm? radial. k3p130ht31U3.

I

i

.

.

.
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TAELEv

Rmmm”mmwmS oF17Tmmmmwm D16C8Al! 12000 F

Fafged; tml.lltial+’uitdjhd-xM+mkea Fagadj hot-oold-wdmd

RwtmyrEr~ wP+Ay;~en@b

Diao Mao “
10 hr lallr . moo w 10 h lW 10?

(%xlmalEJ.eJotmlo Oaqmy data

!?m957 50,alo 47,ml 3.l,mo zD1952 54,1131 .-.---
------ . %%

z:
52,XJ 3g,oCKJ y3,y3Y ~,ooo

. ----- 51,000 ------ Zolool& ------ ------
61,500

E!%
55,ti 36,000 ZU273 ---..- HJg

65,wJ 47,X4 34,400
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I’rmthe lkdmrniwdwmg?aaul theaeulmal Elmtrlo Oaqpmy. (see fig. 4.)
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1 Tensile specimens
2 (0.250-in. diameter)

(See figs. 2 and 3.)
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Figure1.-

Rupture specimens
(0.160-im diameter)
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A 1200° F creep specimens
B (0.400-in. diameter)

c Rupture specimens
(0.160-in. diameter)

Locatjonoftestcouponsintwoturbosuperchargerdiscs(ZD1952
and$3D1957)Of19.-9DLallOy.
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F&ure 2.- General Electric Company data on disc ZD1952 of 19-9DL alloy. (Data from reference 2.) G

.Drsw@ represents two sllcee from the center section of the ~SC, @v@ 16 s~rt-~e t-t spe~~
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Figme 3.- GeneralElectric Compsny data on disc ZD1957 of 19-9DL alloy. (Datafrom reference 2.) “

Drawing represents two slices from the center section of the disc, giving 16 short-time test spedmene.
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Time, h .
. Disc Source ofData Treatment .

0 ZD1952 University of Michigan Forged; hot-cold-worked
● ZD1952 General E@ctric Company

A zD1957 University of Michigan Forged; solution-treated; hot-cold-worked
A ZD1957 General Electric Company

Figure 41- Curves of stress against rupture timeat lXIOO ad 1350° F for turbmpercharger discs
of 19-9DL alloy.
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FiWe 5.- Curves of stress against time for Wal deformation at 1200” F fortwo turbosupercharger
discs and a turbine disc of 19-9DL alloy.
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Creep rote, percent/hr

Disc Treatment

O ZD1952. Forged; hot-cold-worked
❑ ZD195’7 Forged; solution-hated; hot-cold-worked

+ Test entered third-stage creep

Figure6.- Curve of stress again@ creep rate at 1200° F for two turbosupercharger discs and a
turbine disc of 19-9DL alloy. AU data above 25,000psifrom rupturetests.
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23.

Ioox 100ox

(a) Disc ZD19W; radial section near rim of disc.

(b) Disc ZD1957; radial section near rim of disc.

Figure70- ClrigindmicrostruCWesofturlxXupe’I’ChW3erdiscsof19-9DL
alloy.Electrol~cchromicacidetch.
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Fracture - 100X Interior - 100ox
(a) Disc ZD1952; 957hours fornptwe uder37,W0 psi.

Fracture - 100X Interior - looox--
100Disc !ZD1957; 1457 hours forrupture under 35,000 psi.

Figure8.- Microstructureof1200°F ruptutespecimensofturbosupercharger
discsof19-9DL alloy.Electrolyticchromicacidetch.
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Fracture - 100X Interior - 100ox
(a) Disc ZD1952; 601 hours for rupture under 15,000 psi.

,

Fracture - 100X Interior - 100ox
(b) Disc ZD1957; 348hours forrWtwe mder17;OO0 psi.=

Figure9.- Microstructureof1350°F rupturespecimensofturbosupercharger
discsof19-9DLalloy.Electrolyticchromicacidetch.
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